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Introducción: la interpretación de la actividad física medida mediante actimetría en preescolares es confusa debido a los diferentes puntos 
de corte.
Objetivo: el objetivo de este estudio fue analizar la actividad física en niños de dos a siete años para establecer valores de actividad física diaria.
Método: estudio observacional en niños de dos a siete años, sin enfermedades crónicas y cuyos padres hubieran firmado el consentimiento 
informado. La variable principal fue la actividad física, medida durante 120 horas ininterrumpidas (tres días laborables y dos días festivos) 
mediante actímetros. Las variables secundarias fueron el estado de peso (puntaje z de índice de masa corporal [IMC]) y el sexo. La relación 
entre la variable principal y las variables secundarias fue determinada mediante el test-t, ANOVA y el coeficiente de correlación de Pearson. Se 
utilizó un modelo multivariable para obtener estándares de desviación en todas las posibles combinaciones de valores, construyendo percentiles 
de normalidad (x ± DE y x ± 2·DE). 
Resultados: participaron en el estudio 136 niños (35% de los niños del municipio); el 54,4% fueron chicas. La distribución de estado de peso 
fue: 25 niños con bajo peso (18,4%), 54 normopeso (39,7%), 12 en riesgo de sobrepeso (8,8%), 22 con sobrepeso (16,2%) y 23 con obesidad 
(16,8%). La media de edad fue 5,7 años y de actividad física, 592 cuentas/minuto. Los chicos realizaron mayor actividad física (p = 0,031) y 
los niños con bajo peso y normopeso realizaron mayor actividad física que los niños con sobrepeso y obesidad (p = 0,012). No hubo diferencias 
significativas respecto a la edad. El análisis multivariable mostró diferencias significativas (p < 0,001) respecto al sexo y el estado de peso. En 
los niños, la actividad física decreció cuando aumentó el peso. Por el contrario, las niñas en grupos de IMC extremos obtuvieron mayores niveles 
de actividad física.
Conclusión: los preescolares en situación de sobrepeso y obesidad presentaron niveles menores de actividad física que los niños normopeso. 
Los niveles de actividad física fueron mayores en los chicos. 
Abstract 
Introduction: interpretation of accelerometer-derived physical activity in preschool children is confounded by differences in cut-off points.
Aim: the purpose of this study was to analyze physical activity in 2-to-7-year-old children to establish reference values for daily activity. 
Methods: observational study in children aged 2-7 years, without chronic diseases and whose parents provided informed consent. The main 
variable was physical activity, measured continuously over 120 hours (three workdays and two weekend days) by accelerometer. Secondary 
variables were weight status (body mass index [BMI] Z-score) and gender. The relationship between the main variable and secondary variables 
was determined through the t-test, ANOVA and the Pearson correlation coefficient. A multivariate model was used to obtain the standard deviation 
(SD) of all possible combinations of values, constructing percentiles of normality (x ± SD and x ± 2·SD). 
Results: one hundred and thirty-six children (35% of municipality children) were included in the study (54.4% of them were girls). Their weight 
status distribution was: 25 underweight (18.4%), 54 normal weight (39.7%), 12 risk of overweight (8.8%), 22 overweight (16.2%) and 23 obese 
(16.8%). The median age was 5.7 years and the mean physical activity was 592 counts/minute. The boys undertook more physical activity (p = 
0.031) and the underweight and normal-weight children undertook more physical activity than the overweight and obese children (p = 0.012). 
There were no significant differences according to age. The multivariate analysis showed significant differences (p < 0.001) according to gender 
and weight status. In boys, physical activity decreased as weight status increased. In contrast, the girls in the extreme BMI groups obtained 
higher levels of physical activity.
Conclusion: overweight and obese preschool children had lower levels of physical activity than normal weight children. Physical activity levels 
were higher in boys.
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INTRODUCTION
The global prevalence of overweight and obesity in pre-
school-age children has increased dramatically since 1990, 
from approximately 4% in 1990 to 7% in 2010 (1). Furthermore, 
obesity was more prevalent in children aged 4-5 years (18.3%) 
and overweight was more prevalent in children aged 8-9 years 
(25.5%) (2). This great increase in the incidence of overweight 
and obesity at early ages results in a high prevalence of metabolic 
syndrome (3). Consequently, obesity is related to decreasing qual-
ity of life (4) and to increased healthcare costs due to associated 
comorbidities, equivalent to 7% of the gross domestic product in 
developed countries (5). 
During childhood and adolescence, environmental factors are 
the main causes of obesity, due to the energy imbalance caused 
by a high-energy intake (6) and/or a low level of physical activity 
(7). Thus, it is crucial to promote preventive interventions in early 
childhood to impact on lifestyle and prevent the development of 
overweight and obesity (7). 
Over the past decade, a large body of empirical studies has 
described the correlates and determinants of physical activity 
in preschoolers (8-11). Though several tools exist to estimate 
physical activity approximately, these tools are not so effective at 
providing a more accurate determination, whether daily or over a 
certain period (12). For example, physical activity questionnaires 
obtain a subjective estimation of physical activity. In this field, 
accelerometry has been shown to be the most reliable method to 
record the quantity and level of physical activity that each subject 
performs in each period (13). Accordingly, accelerometers are 
considered to be the gold standard for free-living physical activity 
assessment (14).
A meta-analysis of several studies reporting accelerometry-de-
rived daily physical activity levels of preschool-age children con-
cluded that is necessary to develop physical activity guidelines for 
this range of age due to the confusion between several different 
cut-off points applied in the literature (15). Consequently, an equa-
tion based on these cut points in preschoolers was created (16). 
Furthermore, physical activity levels have been assessed in dif-
ferent ways. Some authors define these levels following cut points 
using ROC curves over 3-7 minutes performing different physical 
activities in three different sessions (17). Others have measured 
physical activity levels in various ways: for three minutes using 
interclass correlation coefficients to modify Children’s Activity 
Rating Scales, obtaining different cut points for three-, four-, and 
five-year-old children (18); for 20 minutes using the standard 
deviation (SD) of the counts and VO
2
, random-coefficient models 
and multivariate models for gender, race, age, height, quadratic 
terms for age and height and interactions between these variables 
and accelerometry counts, determining moderate-to-vigorous 
physical activity cut points at 420 counts/15 seconds and vigor-
ous physical activity cut points at 842 counts/15 seconds (19); 
and for an average of 100 minutes, constructing physical activity 
cut points by ROC analysis, specifically to determine sedentary 
behaviors at < 1,100 counts/minute (20). A more recent study 
determined physical activity cut points for preschoolers during 
a physical exercise session over four consecutive days (during 
activity time) using the Children’s Activity Rating Scales and ROC 
curve and the ANOVA and Chi-squared test to determine differ-
ences between physical activity cut points, obtaining light physical 
activity at 373 counts/15 seconds, moderate physical activity at 
585 counts/15 seconds and vigorous physical activity at 881 
counts/15 seconds (21).
Nevertheless, these physical activity levels have recently been 
revised. The authors concluded there is a need to unify these cut 
points to determine the true physical activity of these children 
through methodological studies to advance the understanding of 
physical activity in this age group (22). Previous studies have 
focused on analyzing the amount of time that children spend 
each day in moderate-to-vigorous physical activity, not their total 
daily physical activity (23). Thus, physical activity such as playing 
games or in park areas that does not involve moderate-to-vig-
orous physical activity is not included in these activity measure-
ments though it could be important in the quantification of total 
physical activity at the end of the day.
Determining reference values for this population is difficult 
because the variables that could influence physical activity do 
not use the same time period to determine cut points, or the same 
hours per day and the same days per week to analyze the physical 
activity of the children, even though some authors indicate the 
need to obtain data for ten hours per day to be considered as a 
valid day (23). The choice of accelerometer cut points can result 
in large discrepancies (21). Also, determining true physical activ-
ity in children requires recording over more days, with the best 
option being the analysis of consecutive days (8) and throughout 
the entire day. For this reason, we examined physical activity in 
two- to seven-year-old children, 24 hours per day over five con-
secutive days (three workdays and two weekend days) with the 
aim of establishing daily reference values without the influence 
of variables. The hypothesis of this study was that by measuring 
physical activity during this period accurate physical activity levels 
of preschool children would be obtained.
MATERIALS AND METHODS 
STUDY POPULATION
Rafal is a small town of 3,091 inhabitants in Alicante, Spain. 
It is situated in a rural area in which most of the population lives 
off the cultivation of fruits and vegetables and the production of 
wine. Consequently, access to food representative of the Medi-
terranean diet, such as fruit and vegetables, is not an issue. The 
socioeconomic status of the families was medium-low, and 22.5% 
were children of immigrant parents, mostly of Moroccan origin.
STUDY DESIGN AND PARTICIPANTS
We undertook a cross-sectional observational study with quan-
titative analysis between September 2014 and June 2015, inviting 
254 A. Gutiérrez-Hervás et al.
[Nutr Hosp 2018;35(3):XXX-XXX]
the entire population of children aged between two and seven 
years (through their parents), either from the pediatric office at the 
health center, the school or the two kindergartens in the munici-
pality. The parents of all the children read and signed the consent 
form. Children were excluded if they had any disease, such as 
diabetes or Down syndrome, which could result in lack of control 
with the accelerometer.
A nutritionist took the children to the multipurpose classroom 
in small groups of four. The children who were measured in the 
pediatric examination room were accompanied by their parents. 
Weight and height were recorded with the children in underwear 
and without shoes. Next, accelerometers were placed on the 
abdominal area of the participants, and the nutritionist explained 
that the accelerometer could only be removed to aquatic activities 
(swimming or bathing). The parents helped during this time to 
ensure the accelerometers remained in place without interruptions 
and to record the time the child went to bed and woke up as well 
as any interruption during this period.
VARIABLES AND MEASUREMENTS
The main outcome variable in this study was 24-hour-per-day 
physical activity. Physical activity was measured for 120 uninter-
rupted hours (three workdays and two weekend days) by acceler-
ometer (counts/minute), validated to determinate physical activity 
in this age range (12,24,25). The data procedure was recorded 
every 15 epochs to maximize opportunities to more accurately 
capture the sporadic nature of young children’s physical activity 
(26). A valid day may include at least ten hours per day (23), and 
a minimum of four consecutive days (three weekdays and one 
weekend day) were required to include a child (27). Half an hour 
of consecutive zeros was established as inactivity. To determine 
non-wear time as aquatic activity or some periods of time that 
children refuse to wear the accelerometer, these periods of time 
were compared with parent’s reports, as well as sleep time, at 
night and day (27), which was excluded to calculate the mean of 
counts/minute of the sample. 
Secondary variables were weight status (determined by the 
body mass index [BMI] Z-score), gender, and age. BMI (kg/m2) 
was calculated from the weight and height parameters obtained, 
and the BMI Z-score was calculated in relation to age and gen-
der using the Seinaptraker program (28), based on the Orbegozo 
Foundation standards (29). Children under five years were clas-
sified by BMI Z-score into five subgroups: underweight Z-score 
< -1, normal-weight Z-score ([-1]-1), risk of overweight Z-score 
> 1 to ≤ 2, overweight Z-score > 2 to ≤ 3 and obesity Z-score 
> 3. On the other hand, children over five years were classified 
by BMI Z-score into four subgroups: underweight Z-score < -1, 
normal-weight Z-score ([-1]-1), overweight Z-score > 1 to ≤ 2 
and obese Z-score > 2, according to World Health Organization 
(WHO) recommendations (30).
Auxological parameters were measured by two trained nutri-
tionists. Tools used were: Seca® weighing-scales (761 Class 
IIII, accuracy 0.5 kg), a Harpenden stadiometer (Holtain Ltd., 
Crymych, Dyfed, UK), which accurately determines height within 
0.1 cm, and 13 accelerometers (Actigraph™ GT1M and ActiLife 
program). 
SAMPLE SIZE
Sample size was calculated to estimate the mean of our main 
variable, counts per minute (cpm). Since the analysis was carried 
out in volunteers, sample size was calculated a posteriori. As 
the sample was selected from the total study population (n = 
391) with an expected SD of 170 cpm (31), an accuracy in the 
determination of the population mean of 23.07 cpm was obtained.
STATISTICAL ANALYSIS
The descriptive analysis was performed through absolute and 
relative frequencies for qualitative variables, while the mean and 
SD were used for quantitative variables. The relationship between 
the main variable and secondary variables was calculated using 
the t-test, ANOVA and the Pearson correlation coefficient. A linear 
regression model was constructed with the dependent variable 
of physical activity (in cpm) and the independent variables of 
weight status, age and gender, considering possible interactions 
between them. Non-significant interactions were eliminated from 
the model. The goodness-of-fit of the model was obtained through 
ANOVA. The model was used to obtain the SD from all the possi-
ble combinations of values (for example, children with childhood 
obesity). With each of the SD, normal percentiles were computed 
(x ± SD and x ± 2·SD). For each relevant parameter its associated 
confidence interval (CI) was calculated. The type I error was set at 
5%. IBM SPSS Statistics 24 software was used.
In the ANOVA and normal distribution test and the determina-
tion of percentiles of normality for daily physical activity, the BMI 
groups of risk of overweight and overweight were unified due to 
the sample size of risk of overweight children. 
ETHICAL ISSUES 
The study protocol was approved by the Ethics Committee of 
the University of Alicante prior to initiation (18 March, 2014). The 
researchers informed the parents about the study, the ethical 
principles and confidentiality, and written consent was provided 
by the parents of the participants.
RESULTS
We offered the entire population in this age range (391 children) 
the opportunity to participate, but 252 of them refused (through 
their parents) and two children met the exclusion criteria. Thus, 
the final sample included 136 children (35% of the children in 
this age range in the municipality).
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Table I shows the weight status distribution of the sample 
of children studied: 25 underweight children (18.4%), 54 with 
normal weight (39.7%), 12 with risk of overweight (8.8%), 22 
overweight (16.2%) and 23 obese (16.8%). Consequently, almost 
half the sample had excess weight and one in four preschool 
children was obese. The median age of the participants was 5.7 
years (IQ 2.5) and the range of age was 2.4 to 7.3 years. Table I 
also shows their physical activity as recorded by accelerometer. 
In the entire sample, the mean was 592 cpm, with a SD of 125 
cpm. Concerning gender, weight status group and age, the boys 
undertook more physical activity, underweight and normal-weight 
children undertook more physical activity in comparison with the 
overweight and obese groups, and there were no significant dif-
ferences by age. 
In the multivariate analysis (Table II), the integration of gender 
and weight status showed significant differences. Specifical-
ly, boys had a lower weight status than girls. From the normal 
distribution analysis, the mean plus two levels of SD for gender 
and weight status were obtained (Table III). When the number 
of cpm measured in a child exceeded two SD, above or below, 
the physical activity level was considered as abnormal. Figure 1 
illustrates this distribution. In boys, physical activity decreased 
as weight status increased. In contrast, the girls in the extreme 
weight status groups (underweight and obese) undertook greater 
amounts of physical activity.
DISCUSSION
A significant association was found between a higher level of 
physical activity and a healthier weight status and gender. The 
multivariate regression model produced curves of normal physical 
activity values for both genders and considering weight status. 
The relationship between physical activity and weight status has 
been shown in school-age youth (32) and preschool children (9). 
However, it is difficult to compare physical activity between studies 
due to the considerable variation of prevalence estimates used to 
quantify this physical activity (22). A review concluded that a valid 
day may include at least ten hours per day, eliminating inactive 
hours in which children were asleep and aquatic activities (23). 
In our case, we measured 120 consecutive hours distributed 
over workdays and weekend days, eliminating an average of ten 
hours of total inactivity (sleep). The mean physical activity in our 
sample was approximately 1,000 cpm. This value situates our 
sample in the light activity category, according to recent studies 
(19,33,34), and confirms that young children are not achieving 
an adequate amount of physical activity (27). However, we believe 
that uninterrupted physical activity measurements afford children 
and their families more freedom of activity, trying to measure a 
more accurate physical activity. When only a short period in which 
children are doing physical exercise is measured, these children 
could be forced to do more physical activity than they normally 
would during a day, resulting in a biased measurement. Further-
more, most authors have focused their studies on quantifying 
the number of minutes that preschool children spend in moder-
ate-to-vigorous physical activity, following public health recom-
mendations (15,16,19,21,26,35). However, a recent review con-
cludes that the decision to select from among various cut points 
significantly influences the optimal levels of moderate-to-vigorous 
physical activity for obesity prevention in children (36). Moreover, 
none of the studies reviewed considered the weight status of 
preschool children to determine their physical activity levels or to 
provide physical activity level recommendations to prevent child-
hood obesity.
We measured total physical activity, which provides more accu-
rate values for physical activity levels in preschool-age children 
during their normal daily life. Reference values are given by gen-
der and weight status, which provide clinicians with standardized 
physical activity level values with which to compare their patients. 
Since we considered total daily physical activity, these values could 
be a reference, adaptable to the special needs of each group of 
children depending on their characteristics. According to sex, 
Table I. Descriptive and inferential analysis 



































Age (years) 5.5 ± 1.5 -0.064 0.458
Cpm: counts per minute; n (%): absolute frequency (relative frequency); N/A: not 
applicable; r: Pearson correlation coefficient; x ± SD: mean ± standard deviation. 
*This category of weight status includes only children under five years.
Table II. Multivariate analysis of physical 
activity in children aged two to seven 
years
Variable B (95% CI) p-value
Intercept 567.3 (494.8, 639.7) < 0.001
Weight status* 1.26 (-25.2, 27.7) 0.925
Boys 191.2 (82.5, 299.8) < 0.001
Boys · Weight status* -52.4 (-90.4, -14.4) 0.007
B: regression coefficient; CI, confidence interval. *: defined as: 1, underweight; 
2, normal weight; 3 and 4, risk of overweight and overweight; and 5, obese. 
Goodness-of-fit of the model (ANOVA test): F = 6.35, p < 0.001.
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boys were more active than girls (27) and overweight and obesity 
groups presented a lower amount of physical activity, especially in 
the boys. For this reason, activities requiring more effort in these 
children should be promoted during both school (37) and family 
time (38). This is of great importance given the epidemiologic 
problem in countries such as Spain, where the prevalence and 
incidence of obesity have constituted an alarming situation in the 
population in this age range during the last decades (39). 
The most significant contribution of the study is the reference 
values obtained according to gender and weight status, which 
provide clinicians with the standardized daily physical activity lev-
els of preschool-age children. Since we considered the total daily 
physical activity, these values could be used as a reference and 
adapted to the special necessities of each child depending on 
their weight status. In future studies, the use of accelerometers 
throughout the entire day is recommended to quantify physical 
activity and to choose an appropriate physical exercise interven-
tion to improve weight status in preschool-age children (7,27,40).
The strength of this study is the evidence shown about the 
association between the level of daily physical activity in Spanish 
preschool children, weight status and gender. By monitoring the 
children 24 hours per day and measuring workdays and week-
end days we could obtain a more accurate determination of total 
physical activity in preschool children. This is of great importance 
given the need to study the population in this age range and the 
need for reliable data to quantify the true level of physical activity.
The main limitation of this study is that it was carried out in a 
small population. Therefore, it is necessary to replicate the study 
in other communities before the results can be extrapolated to 
the general population in this age range. 
ACKNOWLEDGMENTS
The authors thank the Rafal town hall for their cooperation and 
Maria Repice and Ian Johnstone for their review of the English 
version of this paper.
ETHICAL STANDARDS
All human and animal studies have been approved by the 
appropriate Ethics Committee and have therefore been performed 
in accordance with the ethical standards laid down in the 1964 
Declaration of Helsinki and its later amendments.
In addition, all people gave their informed consent prior to their 
inclusion in the study.
REFERENCES
1. Wang Y, Lim H. The global childhood obesity epidemic and the association 
between socio-economic status and childhood obesity (Review). Int Rev Psy-
chiatry 2012;24:176-88.
2. Valdés-Pizarro J, Royo-Bordonada MA. Prevalence of childhood obesity in 
Spain: National Health Survey 2006-2007. Nutr Hosp 2012;27:154-60.
3. Gutiérrez-Hervás AI, Rizo-Baeza MM, Martínez-Amorós N, Cortés-Castell 
E. Systolic pressure, abdominal obesity and body fat, metabolic syndrome 
predictors in Spanish preschoolers. Nutr Hosp 2015;31(5):2109-14. DOI: 
10.3305/nh.2015.31.5.8685
4. Michels N, Susi K, Marqués-Vidal PM, Nydegger A, Puder JJ. Psychosocial 
quality-of-life, lifestyle and adiposity: a longitudinal study in pre-schoolers 
(Ballabeina study). Int J Behav Med 2016;23:383-92.
5. Frew E. Economic evaluation of childhood obesity interventions: reflections 
and suggestions. Pharmacoeconomics 2016;34:733-40.
Table III. Normal distribution of physical activity (in counts per minute) in children aged two 
to seven years, considering weight status and gender
Weight status
Boys Girls
x-2·SD x-SD x x + SD x + 2·SD x-2·SD x-SD x x + SD x + 2·SD
Underweight 650 679 707 736 764 519 544 569 593 618
Normal weight 620 638 656 675 693 539 554 570 585 601
Risk of overweight and overweight 574 590 605 620 636 541 556 571 586 601
Obese 508 531 554 577 600 525 548 572 596 620
X: mean; SD: standard deviation.
Figure 1. 
Percentiles for normality for daily physical activity (counts per minute) according 
to the weight of the child. Thick lines denote mean ± 2 · SD, and continuous lines 
denote mean ± SD. *The overweight group includes children in risk of overweight 
and overweight, depending of their range of age.
257
[Nutr Hosp 2018;35(3):xxx-xxx]
PHYSICAL ACTIVITY VALUES IN TWO- TO SEVEN-YEAR-OLD CHILDREN MEASURED BY ACCELEROMETER OVER FIVE 
CONSECUTIVE 24-HOUR DAYS
6. Hasnain SR, Singer MR, Bradlee ML, Moore LL. Beverage intake in early 
childhood and change in body fat from preschool to adolescence. Child Obes 
2014;10:42-9.
7. Moreno LA, Bel-Serrat S, Santaliestra-Pasias AM, Rodríguez G. Obesity pre-
vention in children. Review. World Rev Nutr Diet 2016;106:119-26.
8. Butte NF, Wong WW, Wilson TA, Adolph AL, Puyau MR, Zakeri IF. Revision of 
dietary reference intakes for energy in preschool-age children. Am J Clin 
Nutr 2014;100:161-7.
9. Carson V, Clark D, Orgen N, Harber V, Kuzik N. Short-term influence of revised 
provincial accreditation standards on physical activity, sedentary behavior, 
and weight status in Alberta, Canada child care centers. Early Child Educn 
J 2015;43:459-65.
10. Creamer M, Decker E, De Bourdeaudhuij I, Verloigne M, Manios Y, Cardon G. 
The translation of preschoolers’ physical activity guidelines into a daily step 
count target. J Sports Sci 2015;33:1051-7.
11. Hinkley T, Crawford D, Salmon J, Okely AD, Hesketh K. Preschool children and 
physical activity: a review of correlates. Am J Prev Med 2008;34:435-41.
12. Aguilar-Cordero MJ, Sánchez-López AM, Guisado-Barrilao R, Rodríguez-Blan-
que R, Noack-Segovia J, Pozo-Cano MD. Descripción del acelerómetro como 
método para valorar la actividad física en los diferentes periodos de la vida. 
Nutr Hosp 2014;29:1250-61.
13. Aguilar-Cordero MJ, González-Jiménez E, García-García CJ, García-López 
PA, Álvarez-Ferre J, Padilla-López CA, et al. Obesidad de una población de 
escolares de Granada: evaluación de la eficacia de una intervención educa-
tiva. Nutr Hosp 2011;26:636-41.
14. Pate RR, O’Neill JR, Mitchell J. Measurement of physical activity in preschool 
children. Med Sci Sports Exer 2010;42:508-12.
15. Bornstein DB, Beets MW, Byun W, McIver K. Accelerometer-derived phy-
sical activity levels of preschoolers: a meta-analysis. J Sci Med Sport 
2011;14:504-11. 
16. Bornstein DB, Beets MW, Byun W, Welk G, Bottai M, Dowda M, et al. Equating 
accelerometer estimates of moderate-to-vigorous physical activity: in search 
of the Rosetta Stone. J Sci Med Sport 2011;14:404-10. 
17. Evenson KR, Catellier DJ, Gill K, Ondrak KS, McMurray RG. Calibration 
of two objective measures of physical activity for children. J Sports Sci 
2008;26:1557-65.
18. Sirard JR, Trost SG, Pfeiffer KA, Dowda M, Pate RR. Calibration and evaluation 
of an objective measure of physical activity in preschool children. J Phys Act 
Public Health 2005;2:345-57.
19. Pate RR, Almeida MJ, McIver KL, Pfeiffer KA, Dowda M. Validation and cali-
bration of an accelerometer in preschool children. Obesity 2006;14:2000-6.
20. Reilly JJ, Coyle J, Kelly L, Burke G, Grant S, Paton JY. An objective method for mea-
surement of sedentary behavior in 3- to 4-year olds. Obes Res 2003;11:1155-18.
21. Van Cauwenberghe E, Labarque V, Trost SG, Bourdeaudhuij I, Cardon G. Cali-
bration and comparison of accelerometer cut points in preschool children. Int 
J Pediatr Obes 2005;6:e582-9.
22. Hnatiuk A, Salmon J, Hinkley T, Okely AD, Trost S. A review of preschool 
children’s physical activity and sedentary time using objective measures. Am 
J Prev Med 2014;47:487-97.
23. Tudor-Locke C, Cahmi SM, Troiano RP. A catalog of rules, variables, and 
definitions applied to accelerometer data in the National Health and Nutrition 
Examination Survey, 2003-2006. Prev Chronic Dis 2012;9:110332.
24. Arvidsson D, Fitch M, Hudes ML, Tudor-Locke C, Fleming SE. Accelerometer 
response to physical activity intensity in normal-weight versus overweight 
African American children. J Phys Act Health 2001;8:682-92. 
25. Pulsford R, Cortina-Borja M, Rich C, Kinnafick FE, Dezateux C, Griffiths LJ. 
Actigraph accelerometer-defined boundaries for sedentary behaviour and 
physical activity intensities in 7 year old children. PLoS One 2006;6:e21822.
26. Cliff D, Okely A, Smith L, Mckeen K. Relationships between fundamental 
movement skills and objectively measured physical activity in pre-school 
children. Pediatr Exer Sci 2009;21:436-9.
27. Hinkley T, Salmon J, Okely AD, Crawford D, Hesketh K. Preschoolers’ physical 
activity, screen time, and compliance with recommendations. Med Sci Sports 
Exerc 2012;44(3):458-65.
28. Sociedad Española de Investigación en Nutrición y Alimentación en Pedia-
tría-SEINAP. Nestlé Nutrition Institute and InterCath Medical-One. Aplicación 
Informática para gestión de pacientes y cálculos auxológicos y nutricionales 
en pediatría. Barcelona, Spain: Nestlé Nutrition Institute; 2007.
29. Sobradillo B, Aguirre A, Aresti U, Bilbao A, Fernández-Ramos C, Lizárraga A, et 
al. Curvas y tablas de crecimiento (Estudio longitudinal y transversal). Bilbao, 
Spain: Fundación Faustino Orbegozo Eizaguirre; 1988.
30. World Health Organization. Training course on child growth assessment. WHO 
Child Growth Standards. Module C - Interpreting Growth Indicators. 2008. 
Available from: http://www.who.int/childgrowth/training/c_interpretando.pdf
31. Chaput JP, Lambert M, Methieu ME, Tremblay MS, Louglhin JO, Tremblay A. 
Physical activity vs. sedentary time: independent association with adiposity 
in children. International Association for the Study of Obesity. Pediatr Obes 
2012;7:251-8.
32. Strong WB, Malina RM, Blimkie CJ, Daniels SR, Dishman RK, Gutin B, 
et al. Evidence based physical activity for school-age youth. J Pediatr 
2005;146:732-7.
33. España-Romero V, Mitchell JA, O’Neill JR, Pate RR. Objectively measured 
sedentary time, PA and markers of body fat in preschool children. Pediatr 
Exer Sci 2013;25:154-63.
34. Puyau MR, Adolph AL, Vohra FA, Butte NF. Validation and calibration of phy-
sical activity monitors in children. Obes Res 2002;10:150-7.
35. Costa S, Barber SE, Cameron N, Clemes S. Calibration and validation of the 
ActiGraph GT3X+ in 2-3 year old. J Sci Med Sport 2014;17:617-22.
36. Gába A, Dygrýn J, Mitás J, Jakubec L, Frömel K. Effect of accelerometer cut-
off points on the recommended level of physical activity for obesity prevention 
in children. PLoS One 2016;11:e0164282.
37. Vanderloo LM, Tucker P. Weekly trends in preschoolers’ physical activity and 
sedentary time in childcare. Int J Environ Res Public Health 2015;12:2454-
64.
38. Ruíz R, Gesell SB, Buchowski MS, Lambert W, Barkin SL. The relationship 
between Hispanic parents and their preschool-aged children’s physical acti-
vity. Pediatrics 2011;127:888-95.
39. Ruiz-Pérez L, Zapico M, Zubiaur A, Sánchez-Paya J, Flores J. Increase 
in the prevalence of overweight and obesity in the pediatric population 
of the province of Alicante (Spain) in the last 10 years. Endocrinol Nutr 
2008;5:389-95.
40. Ogata BN, Hayes D. Position of the Academy of Nutrition and Dietetics: nutri-
tion guidance for healthy children ages 2 to 11 years. J Acad Nutr Diet 
2014;114:1257-76.
